


• ..—~~~~~
--•.- ——- - -.-— --~~~~~.--

.-
- -~~~~~ ----—— .- --•. -‘ ——-~~~—.

-

from the position of the fish relative to the electrodes . The strongest

signals occur when the fish is perpendicular to the plane of either

electrode , and weakest , when parallel . Since ventilatory frequencies are

what is being monitored , the significance of such amplitude changes is

minimal.

C. THE MONITOR TANKS

Fi gure 3 illustrates one of the monitor tanks designed for this

project. The design reflects minimum maintenance and maximum signal

noise ratios . The tanks are constructed of 1/~ in. clea r plexiglass. Water

is supplied through an overhead 1/2 in. PVC pipe (not shown) and leaves

through the adjustable standpipe (SP). Flow rates are adjustable by a

valve control and the adjsutable standpipe allows volumes of up to 6 liters ,

1.6 gal. to be monitored . The sloping floor (SF) facilitates detritus

movement into the maintenance chamber (MC) where it may be easily siphoned

off when necessary . A rectangular tank is employed because the electrical

signal reception is at maximum when a fish lies perpendicular to the plane

of either electrode (E).

Eighteen-gauge , single-stranded , stainless steel wires serve as

the electrodes. Each set is attached to the ends of the tank wi th silicone

sealant. The two electrodes are interfaced to the amplifiers (section 11-0)

• through small barrier strips (BS). Fish are prevented from making direct

contact with the electrodes by the presence of two false walls (FW). The

walls are notched (not illustrated so the bioelectr ic signals may be conducted

through the water to the electrodes .

Twelve similar tanks are all housed within a compartmentalized

monitoring module (fig. 4). The module has been designed to support 36

• 
. monitor tanks. At this stage of development , 12 tanks have been incorporated .

10
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Each compartment is totally isolated and consists of a monitor tank , an

automatic feeder (twice/day), and an automatic light (simulating a day-

night 12-hour photoperiod).

0.

1. INTRODUCTION

The existence of widespread interest in the monitoring of

physiolog ical responses of organisms to toxicants is reflected throughout

the literature . Many investigators have restricted such monitoring to

the ventilatory movements of fish (Belding , 1929; Schaumburg et al. ,

1967; Spoor et al ., 1971; Ca i rns and Sparks , 1971 ; Sparks , Ciarns , and

Heath , 1972; Sparks , Cairns et al . , 1972; Cairns et al . , 1973 , 1974, 1975;

Heath , 1972; Drummond et al., 1974; Lunn et al. , 1976; Morgan , 1976). Norma l

breathing movements of small fish produce bioelectric potentials which have

been reported to range between 0.01 and 40 microvolts (Barham et al ., 1969)

but generally exceed 5-10 microvolts . For the purpose of investigations ,

these bioelectr ic potentials may be received through submerged electrodes

(Camougis , 1960; Goodman and Weinberger , 1971 ; Spoor and Drumond , 1972;

Lonsdale and Marshall , 1973; and Cairns et al., 1975). However to extend

these propagated signals to devices such as micro- and mini-computers , an

inexpensive amplifier having qualities of noise resistance had to be

developed.

Some amplifiers have been designed for the similar purpose of

recording opercular movements (Spoor et al.,  1971 ; Lonsdale and Ma rshall ,

1973 ; and Druiwiond and Dawson , 1974); however , almost no noise immunity

was built into these units . In some of these applications the role of noise

rejection was carried out by external devices ; for example , chart recorders

13
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that generally possess their own amplifier and fi ltering systems . Interfacing

the bioelectric potential to computers with such amplifiers would not be

practical. The amplifier we shall describe later on is highly immune to

noise and is of relatively low cost (under $80 .00). Additionally, the

amplifier can be used to monitor other biological events such as the locomotor

activity of crayfish (Maciorowski et al. , 1976).

Although the cost of this amplifier is small , its main contribution

lies in the realm of noise immunity. Strip chart recorders have internal

noise fi lters , but data obtained from such devices are difficult and bulky

to analyze. The increased use of micro- and mini-computers for such data

handling makes an amplifier , such as we used , an invaluable tool for linkin g

analog bioe lectric signals to digital computers . The reader should  refer

to Gruber et al . (1977) for publication of this section .

2. HARDWA RE DESCRI PTION

The heart of the amplifier (Fig. 5) is the Analo g Devices

AD—52 l Instrumentation Amplifier. This device is a high gain amplifier

chip with the abilit y to reject noise common to both input leads (e.g.,

60 Hz noise). The bloelectric potentials to be amplified are differential ,

and the AD-52l amplifies the signals (x 1 ,000) but not the noise. The

second stage is a l ow-gain , active low-pass filter possessing a gain of

1.56 while fi l tering out signals above 8 Hz. The next stage is a simple

amplifier with a fixed gain of 12 , followed by a similar stage possessing

a variable gain between 1 and 11. These two gain stages are AC coupled by

blocking capacitors(C2 and C3 in Fig. 5) which prevents DC from passing

from stage to stage and thereby causing the amplifier to lock up or

saturate. The last stage is another active low-pass filter identica l to

14
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the initial active filter stage. Therefore , the tota l amplification of

the signa l is adjustable from 2.92 x 1O 4 to 3.21 x 10~. In order to avoid

oscillations caused by the high gain, capacitive decoupling has been

employed at the input amplifier. Proper construct ion , shielding, and

grounding techniques have also been employed . Each complete amplifier is

mounted on its own card . Twelve similar units , one for each fish , are

situated within a modularized amplifier rack (Fig. 6).

3. FINE TUNING

Prior to tuning this amplifier , a 5-10 minute warmup period

should be allotted after which time R1 is adjusted until the output at

TP-I (Fig. 5) registers 0 volts . Then R2 is adjusted until the desired

signal level is obtained , as determined by connecting a device such as an

oscilloscope to the output of the amplifier.

4. FILTER CHARACTERISTICS AND ALTERNATIVES

If capacitors having a value of 0.22 f are incorporated

into the four locations marked C-I (Fig. 5), the amplifier will function

as an 8—Hz low-pass fi l ter as described above. We have found this value

suitable for monitoring fish ventilation . The value at which this amplifier

- 
will function as a filter may be altered by changing the values of the

capacitors at C-I . However , all the capacitors must be of the same value

at any given time . For example , in another application of the amplifiers ,

crayfish locomotor activity can be monitored by altering onl y the values of

the capacitors at C-I to 0.068 ~iF. In this capacity the amplifiers serve

as 26-Hz low-pass filters .

16
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E. THE TRAILER

1. RATIONALE

When dealing with computer equipment and other electronic

hardwa re, it is of the utmost concern to protect these elements from a

hostile environment. This neccessitates control o.f the ambient temperature

as well as protection from harsh atmospheric corrosives such as are often

found at industrial sites. Inasmuch as the bioelectric signals are only

of the magnitude of microvolts , it is most important to keep the signal:

noise ratio as high as possible. Past laboratory experience has demonstrated

the importance of this problem (van der Schalie , 1977). Of course there

are other reasons for centralizing the biological monitorin g system within

a trailer. These include some mobil ity , isolation , protection from

unauthorized visits , and independence from other industrial activities.

2. DESCRIPTION

Figure 7 dipicts the trailer used for this project. It was

built by USRY , Inc., 1415 Chamberlayne Avenue , Richmond , Virginia. The

overall dimensions are 32 X 12 ft (9.75 X 3.66 m) with an inside height

of 8 ft (2.44 m). Essentiall y, the unit was purchased as a shell , having

sloping waterproof floors with drains and four paneled walls. The trailer

was wi red to provide both 110 and 220V outlets . Total rated capacity of

the electrical system is 200 amperes at 240 volts AC. The two doors of

the trailer are equipped with a deadbol t locking system. Present plans include

the incorporation of a self-locking and automated warning system as well.

3. INTERNAL DESIGN

Figure 8 depicts the layout of the monitoring and auxiliary

equipment within the trailer. The trailer has been divided into two rooms .
S 

The smaller room is used as a combination office/work area and houses the
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computer system. The larger room , a~ seen in Fi gure 8, contains most of

the monitoring apparatus.

F. THE COMPUTER

1. RATIONALE

In order to ma i ntain rapid and continuous biological monitoring ,

computer technology is essential. This rationale reflects the most modern

use of minicomputer -data acquisition. In recent years , it has been

necessary to collect data manually for researc h in various fields , one such

field being biomon itoring. The researcher would spend hours lookin g at

chart recordings of how a fish was breathing, then have to manually count

the number of breaths or coughs . Computer analysis of early biornonitoring

data has been minimal. However , the use of a computer for data acquisition

would save time , energy , and money , thus making any analysis more efficient .

Furthermore , as the speed of data acquisition would increase, the cost would

diminish. For example , since there would be no need for specialized

personnel , except at the developmental stages of the system , the cost of

operation would decrease cont inually as the system is used .

After the biomonitoring system is in operation , its overall

efficiency would increase. For once the criteria for recognizing a breath

or cough have been established for a particular species of fish , these

criteria could be coded into a program so that the computer would do the

work. After the program is debugged and operating , there would be no

hesitancy in deciding how to analyze the data , and the computer could process

the data as fast as acqu i red. Furthermore , wi th the data recorded on a

disk or tape, the problem of deciphering poor handwriting would be avoided

and the human error of sometimes hitting the wrong digit would be eliminated .

21
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2. COMPUTER DESCRIPT ION

A PDP ll/V03 computer system has been incorporated into this

project. It is manufactured by the Digital Equipment Corporation (DEC)

whose headquarters are in Maynard , Massachusetts , 01754. Essentially ,

this computer system employes an LSI/ll minicomputer which is the most 
-

advanced of the PDP/1l series . The computer has the standard PDP/ll

instruction set and is currently running with 16 K of memory--l2K of

dynamic memory and 4 K of core. Figure 9 illustrates the layout of the

entire system .

Located in the rear of the computer is a 32 channel ana l og-to-

digital converter. The converter ’ s prima ry task is to convert the 20

volt peak-to-peak fish signal , as received from the amplifier , to a

binary form which the computer can digest. Once the computer has analyzed

the data , the data may then be stored for use in future computations.

The storing of data is facilitated by 2 peripheral devices : a disk-

drive and a Decwriter II (hard copy console).

The disk-drive is capable of handling sing le or double sided

floppy disks wi th the following restrictions : (1) floppy disks must have

only 1 index hole , and (2) must be single density disks .

Each floppy disk is capable of holding approximately 256,000

5 characters per side (blanks included), or about 20-30 days of data (when

record i ng every 15 minutes and depending upon the format of the output).

If a pr in tou t  of the data is desired , the computer can send information

to the console dev ice ( Decwriter II) at any time period desired . Even

if the console is not used during data acquisition periods , the data can

be recorded on the floppy disk system and displayed on the console at a

later date if desired .

22
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3. COMPUTER PROGRAMMING

Figure 10 summarizes the philosophy of the computer programing

incorporated . It should be emphasized at this point that the design aim

of the programing has been to absolutel y minimize the input required to S

operate this system for monitoring purposes . In fact, the operator need

type in only one comand to run the monitoring program (RUN DX1:FISH)! The

computer system will respond by requesting certain information from the

user , such as the date (MM-DD-YY), time (HH:MM), and a name for the upcoming

monitoring period for future reference (any name and/or number).

In addition, there are , of course , several key programs that

will certainly be of interest to the technician and may be of interest

to some users. The following is a brief summary of these key programs .

For a more detailed explanation , consult the SYSTEM REFERENCE MANUAL (and

other MANUALS) which are supplied by DEC and kept in the trailer.

In order for the user or technician to operate the computer and

run the specified programs , the fol lowing programs must reside on the

floppy disk:

* MON ITR.SYS. -- Operating System

* TT.SYS -- Console device handler

* DX.SYS -- Disk drive handler

BAS8K.SAV -- Basic Interpreter (small version)

FISH .SAV -- Actual data acquisition program

PIP.SAV - -  Peripheral interchange program . (Used for

file transfer , etc . ; detailed explanation

follows later.)

*NOTE! Only those programs with an asterisk need reside on the system device ,

namely disk drive 0 (DXO). However , if all programs reside on the same disk ,

the other disk may be used entirely for the storage of data .

24

5 
— - 5  - - ——-5 — - 

-.
-

~~

- .

~~~~ 
-— -



-5---- — —— --5- w.— 5- -

MAIN PR OGRAM

~~~~
TA RD

IPri rit input 1 N Is the Aumbir designeting w here esic u -
~~~~~~~~~~~~~~~ 

\N ..j n~ is to b.gin .

/for test / m is th pogn numb r in whi ch the sect iOn
of code co rr .epondmg to N is
located.

P ri nt

/ h.adrn g

~~ ~ 
SPARand RI

R2 is-oddrs.sof I
SPA R ~~~ 7

R5. -A/DCtrIg . I
ger ]

ninate

ADAC convers ion

$5

Test for
comp letio n

-
. 

~~no~~~~~~~~~er>

R2* R2,2  no
of fi s h~no. of
f ish -l

no ~.‘

Figure 10. Flow Chart Depicting the Computer Program.
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A few explanations follow :

Note : All computer output w ill be u n d e r l i n e d  to distinguish from user

entered in put <CR> denotes carriage return .

Prompt characters--

* -- designates that a program is running under mon i tor Lontrol. Examples 
*

of sv, programs are PIP , EDIT , etc .

-- designates that 001 has been entered . To regain control of previou s

program . type P (no return necessary). If this doesn ’ t work , system

may need to be rebooted .

-- (a period) shows that the monitor (RT 1l/SJ ) is wait ing for a comand.

$ -- (dollar si gn)--occurs when the bootstra p (which resides on ROM in

the machine) has been triggered . The dollar sign can be prompted

~~~ 
by a power failure . A power failure can be art ificially induced

for a rebooting of the system by toggling the DC/ON switch. After the

H$ u  sign appears , type “DX CR> ” and wait abou t 5-10 secs. The system

should respond wi th the RIll version message and then a “ .
“ prompt

character.

To run a program , all switches on the front panel of the computer should be

in the up (on) position .

SYSTEM DEVICE EXPLANATION

There are 2 disk devices , designated as DXO and Dxl , which represent

drive 0 and drive 1 , respectively. When signifying which drive one wishes

to perform an operation on , the format is:

dev:filename .ext/switch

where ,

dev--is either DXO or DX’)

• filename--is either a program to be run or a data file to be
examined , etc .
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ext--is an extension . Certain f i les have certain extensions which

will be explained later.

switch-- determines operation to be performe d on f i le; will be

f 
explained later.

The default system device is DXO . To run a program which resides

in the system device the user need type only “R progname.ext .” If the

extension is SAy , the user need type onl y “R progname ” . The followin g is

a list of al ternative ways of running a program :

R Program .ex t

R Program (if ext is SAy )

RUN in p lace of R wi l l  work also

*RUN Dxl :Program or RUN DXO:Prog.ext.

*NOTE : If the program resides on the other disk only, this form will

work . DXO must also be changed to DX) .

• Running the data acquis it ion pro~ram.

ReNote :(Computer output is underlined)

Assum ing chat the monitor is running and diskettes are in both

dr ives , the program w i ll be run as follows :

RUN DX 1:FISFI (Note program is on disk in drive 1)

TODAY’S DATE: MM-DD-Y Y <CR>

TIME OF DAY: HH:MM CR>

ENTER OUTPUT FILENAME: TEST <CR>

ENTER NUMBER OF MINUTES FOR TEST: 15 <CR>

then the heading will appear and data will be recorded every 15 minutes

(user option).
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12 fish total

TIME PERIOD Fl F2 Fl2 TEMP DO pH COND

00 :00:15 1 263 248 277 15 .33 6.67 7 .41 133

00:15:17 2 274 288 299 15 .34 6.67 7.40 133

01:15:19 6 288 241 250 15 .40 6.66 7 .41 134

The program writes the data to disk on drive 1 , one bloc k at a time .

There are 2 ways of exiting from the program . They are :

1. Holding the CTRL key down wh i le typ ing a C .

2. Holding the CTRL key down while typing a Z.

Method 1 will stop the program execution and return to monitor

without saving the recorded data . The file will be lost. Method 2 w i ll

stop program execution and return control to the monitor , but will also

write the remai nder of the buffer to the disk and then close the file ,

thus making it permanent. The file will be saved under the name issued in

the beginning and w ill have a DAT extension placed on it by default.

POSSIBLE ERROR MESSAGES:

When a person enters a filename for output that already exists , the

computer will print “FILE ALREADY EXISTS” and then give the person another

chance to enter a unique filename. To erase or delete an already existing

file , look under the section on PIP .

If the disk handler is not resident on the system dev ice , the user

will be informed .
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SUMMARY OF SOME POSSIBLE COMMANDS:

TIM<CR>--displays time of day

TIM HH:MM:SS<CR>--sets time

RUN program--runs specified program . If program is on disk 1

then substitute “Dx l :program ” for “program ” .

DAT<CR>--displays current date

DAT DD-MMM-YY<CR>--sets the specified date. MMM is first 3 letters

of month.

COMMANDS AND SWITCHES UNDER PIP

dev :/L--list directory

dev:/E--list direc tory and include unused listings

dev:/F--short listing

dev:/S--compress the disk

dev:/D--delete everything on the disk

dev :/Z--format the disk

dev can be either OXO or DX1

Compressing the files on the diskette. There are 480 ava ilable blocks on

1 diskette. Assum i ng that 3 files of 20 blocks each are on the diskette ,

these remain ing blocks would be 420 and may be arranged thusly:

MYFILE .DAT 20

BLUGIL. DAT 20

TEMP1.DAT 20

<Unused> 420

60 blocks in use

420 free blocks
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So the user has 420 blocks for one f i le. But if BLUGIL.DAT were

deleted (0 switch) the follow i ng would happen:

MYFILE .DAT 20

<Unused> 20

TEMP1.DAT 20

<Unused> 420

40 blocks in use

440 free blocks

The problem exists when a file needs 430 blocks of space. Logically,

there would be no prob lem , since 430 is less than 440. But because the

unused spaces are not contiguous with one another , the largest free area

available is 420 blocks . To resolve this , a special switch (S) for

compressing all unused areas in 1 is available.

EXAMPLE:

BEFORE

F MYFILE .DAT 20

<Unused> 20

TEMP1 .DAT 20

<Unused> 420

40 Blocks in use

440 Free Blocks

*DX1 : /5 compress diskette. Assume diskette 1 contains files

*DX1 :/E list directory

AFTER
• MYFILE.DAT 20

• TEMP1.DAT 20
<Unused> 440
40 Blocks in use
440 Free Blocks
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FORMATTIN G DI SKETTE

Before a disk can be used for the first time , the directory must be

allocated space , and the remaining tracks zeroed . This is done by the Z

switch.

DXI:/Z

ARE YOU SURE? (Computer responds and waits for input.)

CAUTION I If this command is issued , everything on a used diskette wi l l

be erased .

• R PIP
DISPLAYS DIRECTORY OF DISK 1 and LENGTH OF EACH ENTRY .

* QX 1 :/L

.RP I P

TT:=DX 1:Filename .extension

Displays the file designated by file name , extension , where file-

name is a six (6) alphanumeric character name and extension is a 3

alphanumeric characte r name . An asterisk may be used in place of the

filename or extension in which case all files wi th the designated extension

will be listed or all files with the designated filename will be listed .

• For Example:

TT: 0X1 :*.DAT

will display the contents of all fi les with extension DAT.

TT: 0X1 :MYFILE .*

Wil l  display the contents of all files with filename of MYFILE.

Copying files : format dest~source
dev :name.exts=dev :name. ext.

DXO :MYFILE.DAT DX 1 :MYFILE.DAT

Transfers the file from DX1 to DXO.
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To make a duplicate copy of the file on the same disk do the follow ing :

Dxl :COPY .DATI3X 1 :MYFILE .DAT

NOTE : As long as the source file exists the destination filename and

extension may be changed as described.

For further information check SYSTEM REFERENCE MANUAL under PIP .

FILE VERIFICATION

DX1 :filename .extension/L

Will dis play the file (name only) and length . If file does not

exist , an appropriate message will be printed .

NOTE : When corrections or additions are to be added to the current

software, the followin g information should be used only as a quick

reference (For detailed i nformation consult the SYSTEM REFERENCE MANUAL):

PROGRAMS NECES SARY TO MAKE CORRECTION S

EDIT.SAV--text editor

LINK. SAV--linker

MACRO .SAV--macro assembler

PROGRAMS AVAILABLE IN WHICH CORRECTIONS MIGHT BE MADE

MARTEK.MAC--Water quality analysis program

FISHY .MAC--Main data acquisition program

FILOUT.MAC--section which writes data to disk

HOUR .MAC--keeps track of time

OPEN .MAC—-opens file and loads disk device handler

HOW TO MAKE CORRECTIO NS

.RED IT

* EBDX1 :prog.Ext$$
• (to get a complete understanding of how “EDIT” works and the c ommands available ,

consu lt the SYSTEM REFEREN CE MAN UAL)
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After the correct ions have been made , the source files (des ignated by

MAC extension ) should be assembled under MACRO to produce an obj ect file

(OBJ extension) for each source file entered. Then the object files

should be linked together to form 1 SAV file.

EXTENSIONS AND DEFAULTS FOR VARIOUS PROGRAMS

EDIT--Al l extensions are user-defined except when editing a backup

program file (see SYSTEM REFERENCE MANUAL). In this case the extension

is BAK (figs . 11 and 12).

MACRO

Default extension for input files is MAC .

For output files the default extensions are :

OBJ--Object code

LST--Assembled listing

LINK

Default extension for input is OBJ .

For output files the default extensions are :

SAV--Save image file

MAP--map of all c sects and global and local symbols (see SYSTEM

REFERENCE MANUAL)

All user-defined extensions must be included on all 1/0 files or default

extensions wi l l  be ass igned as follows :

• MACRO

dev:fi lename.ext ,dev:filename .ext dev:fi lename.ext
+ t

OBJ LST MAC
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[Run editi

1’
• /Enter new 7/program on

/update old /
j~ne.

[ 

Macro

[Output is /
/a file with /
/OBJ extenl
j~pn. I [Input to link could be

Ll to 6 files.

• [Li~k
Independent of no. of

J 
________ 

files entered to link ,Y only one file is created
I 

- as output.
/Output IS /
ía file with /

4~AV extenJ

Figure 11 . Flow Chart Representing Genera) Program Creations Within
the Computer System .
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I I

MACRO

1 1 1L’
* _ _  _ _  _ _  _ _

[OPEN. I [ FISHY. I / HOUR. 7 /MARTEK. 7 [FILOUT. I
/ OBJ / / OB~J / / OBJ / / OBJ / / OBJ /

I I I I
LIN

K ]

f FISH.
/ 

SAV

Figure 12. Flow Chart Illustrating the Files and System Programs as
Incorpora ted into the Biomonitoring Computer System .
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If unassigned will be as follows :

LIN K 
5

5

dev:filename.ext ,dev:filename .ext=dev .filename .eXt
+ + +

SAV MAP OBJ

How to get back to MONITOR from various situations.

prompt character signifies monitor is running

*
__ asterisk--show s a “canned program ” is being run under monitor

control. Type CTRL C to exit.

@-- 001 has been entered . To make sure everything will run OK, do

the following :

(1) Toggle the DC/on switch.

(2) Should appear. If it did not , check power keyboard and pane l

switches.

(3) Once $ appears , type DX and a carriage return .

(4) Wait 5-10 seconds for the monitor message to appear.

$--  Bootstrap occurred . Type DX and a carriage return .

S~~.~ T iON OF SOME KE Y POINTS

I. Switch positions

A. Computer--the three (3) switches on the lower right front should

afl be~~ .

B. Decwriter--Top row of switches on left of console.

1. Local/Line--should be up

2. Full /half duplex--should be up

3. 110 baud--should be up

4. 300 baud--should be up
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II. Startup procedure

A. Make sure step 1 is taken

B. Toggle the DC/on switch (located in the leftmost portion of

the 3 switches on the front of the computer)

C. After $ appea rs , enter DX and a carriage return .

D. Wait  5-10 seconds for the RI/li monitor message to print which

should be immediately followed by a ‘ . ‘ prompt character

E. Next enter the date in the following format:

DAT DD-MMM-YY <CR>

e.g.

DAT 23-OCT-77 <CR>

F. Next enter the time of day in 24 hour time . (Make sure zeroes

are used as place holders.) Format is:

TIM HH:MM:SS <CR>

e.g.

TIM 9:06 :00 <CR>

TIM 16:35:00 <CR>

NOTE : Date and Time must be added later so above steps are not necessary .

To exit a program type “CTRL C” (holding the CTRL and C buttons

simu l taneously). At times it may be necessary to type consecutive

“CTRL C” twice.

If “ODT” has been entered (signified by the “@“  prompt character;

do the following:

1. First--try typing the character P for proceed (make sure the

~~~~ 
button is down). If this does not work go to statement

2 of section II. Once the monitor has been loaded in aga in

• the program running at the time of the interru ption will iiave

to be re-run.
43
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PROMPT CHARACTERS AND THEIR MEANINGS

‘ .‘ period--signifies monitor is waitin g for a command

‘~~~‘ asterisk--canned program , run under mon i tor control is waiting

for a command

‘$ ‘  dollar sign--waiting for DX to be entered . Usually appears because

of some sort of power failure .

‘ @ ‘  at sign--ODT (on-line debugging technique) has been entered.

G. DILUTER SYSTEM

1. PHYSICAL DESCRIPTION

Figure 13 depicts the diluter system designed for , and

incorporated into , this project. Two ten liter (2.64 gal) head boxes are

kept filled wi th effluent and diluent respectively. The head boxes are

fitted with overflow pipes . Effluent and/or diluent are pumped in

continuouslyat a rate fast enough to ensure sufficient water to overflow

through the overflow pipe , thus mainta ining a constant head pressure . The

same principle of maintaining constant head pressure has been incorporated

into the mixing chambers . The mixing chambers each have a series of weirs

which assures adequate mixing of diluent and effluent. Each mixing chamber

has an 8 z (2.11 gal) capacity and feeds four monitor tanks through a

manifold system (Fig. 13).

2. WATER SOURCES

Effluent water is supplied to the trailer via electric lift

pumps . Radford Army Arsena l management has agreed to supply these pumps

along with the necessary piping to carry the effluent to the laboratory

trailer. It should be noted that the trailer unit was so designed that any

of severa l effluents may be supplied and tested. For example , initial shakedown
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Figure 13. The Diluter Apparatus.
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runs have incorporated chlorinated tapwater as a test effluent.

The dilution water will be filtered-water taken from the New River ,

upstream from the Arsenal. The monit oring of water upstream from the plant

has two major advantages. First , it allows for some insight into problems

of interaction between effluent and receiving system. Second , because of

the design concept of this monitor system , the use of upstream water allows

the detection of potentially hazardous aquatic conditions in that area .

This feature serves to protect the interests of the industry as well as the

experimental design (Section III).

3. DISTRIBUTION OF WATER

Initially, for establishing controlled critical limits (Section

III) for each fish , all twelve monitor tanks will be exposed to the upstream

water. During subsequent monitoring periods , one group of four tanks will . 

- 
-

always be fed with upstream water to have some assurance that subsequent

alarm s are not due to factors extraneous to the plant being monitored . Each

of the other two groups of four monitor tanks wil l  be fed with an effluent

of different concentrations . Flow meters have been incorporated into the

diluter system between the head and mix ing boxes to permit precise

calibration of the dilutions .

H. CHEMICAL-PHYSICAL ANALYSES AND MONITORING

1. RATIONALE

It is the purpose of biological monitoring to detect conditions

detrimental to the quality of the aquatic receiving system . Futhermore , the

detection of such conditions should be rapid , thus avoiding hazardous and

costly spills. It is not the purpose of biological monitoring to identify

the specific causative agent(s) of a problem situation. However , the 
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practice of biologicall y monitoring certain chemical and physical parameters

of effluents has been wi despread and , in general , is widely accepted by

industry . But monitoring chemical and physical parameters alone will not

predict an effluent ’s effect on the biota of a receiving system . Therefore ,

it is recommended that biological monitoring be coupled with some program

of chemical and physical monitoring . And it is anticipated that certain

correlations between chemical-physical parameters and warning signals , as

generated from the biological monitor , will be found. Therefore , specific

chemical-physical parameters will be continuously monitored. Furthermore ,

• other more advanced chemica l analyses will be incorporated into this

project.

2. CHEMICAL-PHYSICAL MON ITORING

a . PROPERTIES MONITORED

Conductiv i ty , the amount of dissolved oxygen , the pH , and

the temperature will be continuously monitored. Figure 14 depicts the

control unit emp loyed . The sensors have been submerged in a 19 liter

(5 gal) continuous flow container . The entire apparatus , a Model Mark V

Water Quality Analyzer , is manufactured by Martek Instruments , Inc., 879

West 16th Street, Newport Beach , California 92660. The unit was selected

for its potential compatibilit y with a computer system. All four chemical-

physica l paramters are continuously and simu l taneously represented at the

output as 0-1 volt DC analog signals scaled for each parameter. A complete

instruction manual for the Analyzer was provided by the manufacturer and

is kept in the trailer. The user should refer to this manual for complete

instructions , maintenance information , and unit specifications.
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b . INTERFACE TO COMPUTER AND ADJUSTMENTS

A set of amplifiers has been constructed for the purpose

of interfacing the Analyzer with the coitiputer system employed (Figs . 15 ,

16 , 17). The amplifiers are housed within the amplifier rack as illust rated

in Figure 6. The amplifiers increase the 0-1 volt DC output of the Analyze r

to the 1-10 volt DC range required for computer compatibilit y .

Calibration of these amplifi ers should be checked routinely.

This procedure will be described later on. Prior to checking, however ,

it is recommended tha t certain internal adjustments be made to the Analyzer

- • three times a year to compensate for DC offset . To do this , the user

should refer to the manufacturer ’ s instruction ma nual. The routine amplifier

calibration checks are as fo1low~. (referring to Figure 6 ) :

Disconnec t Ma ek rom Am plif ier Rack Before Proceeding .

1. Ground input ~t each parameter on rack (Fig. 6)

2. Adjust interna l Dl ~ffsets i1 nt il respective outputs equal zero .

3. Reconnect Martek

4. Take v o l t a g e  reading it  Input socket representing each of the

four chemical-physical parameters being monitored .

5. Take voltage reading at ou~p~ socket representing each of the

four chemical-physical pa rameters .

6. Adjust respective gain controls so that the output for a given

• parameter equals lOX the input voltage .

3. CHEMICAL ANALYSES

Severa l complete water chemical analyses will be run by

the personnel a t the Radfor d Army Ammun ition Plant. Rou tine samples will

be assessed per iodically. In addition , an on-line automatic water sampler

enables the collec tion of water samples at will. Therefore , in addit ion to
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Figure 16. (A) Connections for Ouptut dc Offset Adjustments of

Chemical-Ph ysical Monitor. (B) Power Supply Decoupling
Hardware.
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routine sampling , samples presumeably w i l l  be taken in response to wa rning

signals generated by the biological monitor.

4. AUTOMATIC WATER SAMPLER

As previously stated , routine samples of effluent will

be taken for advanced chemical analyses . Eventually, samples will be taken

whenever the biologica l I lon i tor generates the proper warning signals. This

will be accomplished through interface hardware which is , at present, in

the planning stages .

The water sampler incorporated into this system is a Sigmamotor

Sampler , Model WM-l-24R manufactured byS igiii am otor -, Inc ., 14 El izabeth Street ,

Middle port , N .Y. 14105. The unit is a discrete sampler which collects samples

in 24 polyethylene containers. I t has a fi xed f low ra te an d a var i ab le

On , Off , and Purge Time . The sample containers are located in a refrigerated

compartment where the temperature is adjustable and thermostatically controlled .

The manufacturer has prov ided a complete instruction manual which

is kept in the trailer. The user should refer to this manual for a complete

set of instruct ions and when engaged in troubleshooting .

I . CONTINUOUS FLOW BIOASSAY

1. RATIONALE

In recent years , the bioassay has become an important tool

in the evaluat ion of a pollutant ’s im pact on an aquat ic environment. A

bioassay has been defined as a test in which the quantity or strength of

toxic material is determined by the reaction of a living organism to it

(Sprague , 1973). Not only does the bioassay serve as an exce llent addit ion

to physical-chem ical monitoring , but through the refinement of techniques

and procedures , it presents an excellent forma t for the reporting of a
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pollutant’ s toxicity . The recent standarization of bioassay procedures and

nomenclature has made the interpretation of results less complicated , and

increased the potential for replication.

It is not the purpose of this report to delve into the many aspects

of a complete bioassay , but rather to provide an outline for the construction

and use of the continuous-flow bioassay unit incorporated into this present

system. The interested reader is referred to Sprague (1973) who deals with

the bioassay and its interpretation in a rigorous manner.

There are basically two types of bioassays in current use : (1)

batch testing and (2) continuous flow testing. The batch method represents

the simplest bioassay . It requires a smaller expenditure than continuous

flow testing with regard to initial materials for construction , operating

expenses , and personnel expertise. The batch method today is used mainly

in the study of a single pollutant at various concentrations. Its application

to even the simplest of wastewater yields results that could at best be

considered only approximate. Additionally , if the wastewater contains

elements that are degradable or volati le , the batch method presents a less

than idea l testing scheme .

The continuous flow bioassay should be the preferred method of

testing and is the procedure that will be used during this project. Although

the expense is considerably higher than batch testing , the resu lts better

refl ect the true nature of a wastest ream . Therefore , a continuous-flow

bioassay unit has been incorporated into this project.

2. DESCRIPTION

The design of the cont inuous-flow bioassa y unit incorporated

• was taken from Hendricks et al . (1977). A diagram of the unit is presented
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in Figure 18. The major components of the system are : (1) two head

boxes , one for the diluent water (either a synthetic or upstream water)

and one for the wastewater ; (2) two proportioning boxes : one diluent ,

one wastewater; (3) one m ixing chamber for each concentration to ensure

thorough mixing prior to discharge into the test tanks; and ten bioassay

vessels in which 5-tO fish will be placed . The dilution system is designed

to delivera precisel y measured continuouS supply of wastewater along with a

diluent. By vary ing the height of the standpipe in the proportioning box

it is possible to deliver a broad range of dilutions . These dilutions , as

suggested by Sprague (1973), should follow a l ogarithmic series.

The head boxes , proportioning boxes , and mixing chambers were

constructed of 4 -inch plexiglass . The dimensions for each are presented

in Figures 18, 19 , and 20. Should the wastewater contain elements that

might react with plexiglass , an alternative , such as g lass , may be used . The

*bulkhead fittings are made of Teflon and the solenoid valves are Teflon • 1

lined . The entire system has been mounted in a framework constructed of

angle- iron supports and 4-inch exterior-grade plywood shelves.

3. OPERATION OF DILUTER SYSTEM

The diluter system is designed so that the experimenter

need not be present for the duration of the test. The test sequence is

begun when the solenoid valves at the effluent end of the head boxes are

opened . The diluent and wastewater then flow to their respective proportioning

boxes where the water flows over a se ries of plexiglass plates set at var ious

heights . When the last chamber of the diluent box is full , a microswitch is

*Trade name of E. I. duPont de Nemours & Co., Inc.
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closed . This opens the solenoid valves at the effluent end of each

proportioning box while at the same time act ivating a time-delay rel ay .

The time-delay relay (TOR ) shuts off the solenoid valves for the head

boxes and is preset to allow each proportioning box to empty . The water

from the diluent proportioning box is then combined via a T-connection

with the water from the corresponding wastewater proportioning box . The

result is diluted wastewater of known concentration. The combined waters

then flow to a mixing chamber designed to ensure thorough mixing of diluent

and wastewater. After mixing , the diluted wastewater is delivered to the

fish vessels. There are two containers for each dilution . Each vessel

will house 10 fish which serve as the sensors. At the end of the preset

period , the head boxes ’ solenoid valves are opened and the proportioning

boxes ’ valves are closed . At this time , the cycle begins again.

The experimenter is free to choose a wide range of dilutions

through adjustments of the height of the standpipe in each chamber of the

proportioning boxes. .he detention time s in each test vessel (fish containers )

can be determined by using the graph shown in Figure 21. The experimenter

simply chooses the replacement time desired (50-99;); by knowing the flow

rate and tank volume , the approximate detention time can be discerned . This

value becomes very important during the interpretive phase of any bioassay ,

because the fish weight-to-volume ratio is a significant parameter when

• reporting test results.

J. MISCELLANY

1 . HOLDING TANK

The holding tank used measures 1.5 x 0.6 x 0.6 m (5x2x2 ft).

It is constructed of 3/4-inch exterior grade plywood , painted with a two-part
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epoxy marine paint , and caulked with a silicone sealant. The tank may be

operated either as a closed or open system . Figure 22 illustrates the

tank as a closed system . Essentially, as a closed system , the tank operates

on the principle of a bubble-u p biological filter. Therefore , cleaning

should be limited to only occasional rinsing of the “filter fluff. ” For

operation as an open system , the filter portion of the tank may be eliminated

if desired . A standing pipe must also be added . When on site at the

Radford Army Ammunition Plant , the holding tank w ill be converted to a

continuous flow open system.

2. AUTOMATIC FEEDERS

Each compartment within the biological mon i toring module

and the holding tank will be supplied with automatic feeders . The fish

will be fed twice per day . The feeders selected were manufactu red by Lustar

Products Co., 101 Victory Road , Springfield , N.J. 07081 , and were purchased

through the Cappet Corporation , 4630 Eisenhower Avenue , Alexandria , Virginia

22304. A complet set of manufactu rer ’s instructions are kept on board the

trailer.

3. FISH SIGNAL SIMULATOR

For the purpose of programmin g the computer , as well as

testing various aspects of the computer interfacing , an instrument capable

of generating a fish breathing signal was bu ilt (Fi g. 23). The basic type

of signal generated depends upon the incorporation of a customized electon ic

chip. It was designed by Dr. Raymond Dessy , Professor of Chemistry , Virginia

Polytechnic Insitute and State Univers i ty , Blacksburg , Virginia. In addition

to the basic signal , various levels of noise may be added manually , thus
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I
allowing for a variety of signal :noise ratios . A component list follows :

Capacitors

1 lOO p f
1
1 0.01 ~f
6 0.1 ~f1 O.2 1~f1 1 pf
1 100 ~f 25V electrolytic (radial)
2 1000 ~ 25 V electrolytic

Resistors

2 330 c~ 1/4 watt
2 39O c~1 1 K
2 3.3 K
2 10K
2 1 2 K
3 120 K
1 220 K
3 330 K
5 l Meg
2 l .2 Meg
2 10 K linea r taper potentiometers
1 50 K l inear taper potentiometer
1 100 ~ 1/2 watt  resistor

Semiconductors

1 LM 320 K - 15 voltage regulator I.D.
1 LM 340 K - 15
1 LM 34OK- 5
1 NE555 timer
2 7400 NAND GATES
2 7493 4 bit counters
1 5558 DUAL OP AMP
1 74 1C OP AMP
1 5556 OP AMP
1 371-8 HYBRID SYSTEMS 8 BIT DAC
2 l 702A EPROMS
1 2N2219 TRANSISTOR
1 9 voltt 1 watt zenger diode
1 100 P1V 2 amp bridge rectifier

£4
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Miscellaneous

4 8 pin dip sockets
4 14 pin di p sockets
2 24 pin dip sockets
1 16 pin dip sockets
1 Power Transformer (117 VAC PRI. 24 VAC C.T. SEC.)
2 SBDT mini toggle switches
1 DPST mini toggle swi tch
1 line cord (3 conductor)
1 neon pilot light
1 fuse holder
1 3 pole 4 position rotary switch
5 BNC chassis mount connectors
1 Chass is (Cal ectro Cat. No. H4-748
1 Rubber Groninet (to fit line cord)
1 5 lug terminal strip
1 Assortment of 6-32 nu ts and bo l ts
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III. EXPERIMENTAL DESIGN AND SUPPLEMENTAL REMARKS

A. INITIAL TESTING

For the purpose of initial testing, as well as to demonstrate

system feasibility , chlorinated tapwater and Arbitrary Reference Mixture

(ARM) have been employed as test effluents. However , these tests were

applied early in the development of the present biological monitoring

system, and the experimental procedures described below were not necessarily

adhered to. Figures depicting the initial effects of these test effluents

on the breathing behav ior of our biolog ical sensors are presented in

Figures 24 and 25. Initial response to chlorinated tapwater is illustrated

as a decrease in both amplitude and frequency of the ventilatory signals

(Fig. 24). Further analyses have demonstrated that , after the first

severa l minutes of exposure , breathing rates and amplitudes will increase

significantl y more than the values representing both the initial exposure

period and the controls. Only the in itial response to ARM has been

investigated (Fig. 25). ARM was developed by Buikema , et al. (1976)

as standard for toxicit y testing for the petro l eum industry .

B. EXPERIMENTAL PROCEDURE

What follows is a combination of establishe d criteria as well

as a proj ected vision of the experimen ta l des ign. It should be realized

that , since the project has been recently located on site , certain aspects of the

procedure have not been established .

1. One fish will be placed in each of the twelve monitor tanks and

allowed at least four to five days acclimat ion time . During this period

the fish wi l l  be fed twice a day and experience a 12-hour photoperiod .

These conditions are the same in the holding facilities and during the

monitoring phase.
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~~pomi s macrochirus , exposed to 0 and 5 ppm Total Chlorine.
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2. The “normal” breathing behavior will be establ ished for each

fish.

a. The breathing rates for each fish will be samp led at

predetermined time intervals and stored in the computer system .

Predetermined time intervals have initially been established at

15 minutes . This sampling will continue for a four to five-day period .

b. After this period , the computer will average the values

obtained from each 15-minute interval of each day . This will yield

an average breathin g rate value for each of the 96 time periods

(4 x 24) and will represent the average breathing behavior over a

24-hour period.

c. Some degree of confidence wil l be fitted to each of these 96

points. Therefore , a range of normality will be determined for each

fish and for each time interval. These ranges will be called the

“critical limits .”

e. Figure 26 is a graphic representation of one possible set

of critical limits that were established for one fish.

e. The critical limits for each fish , as well as the values

used to obtain the critical limits , will be stored in the computer

system.

3. After “critical limits ” have been established , the mon itoring

• period wi l l  commence. This period wi l l  probably be carried out for 2 weeks .

4. During the monitorin g period , the breathing rates from each fish

will be sampled for each time interva l (initially 15-minute intervals).

5. The values sampled will be compared with the respective set of

critical limits to see if the value falls within the previously determined

range for that time of the day .

~~~ 
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6. These sampled va l ues , along with the values of conductivity ,

dissolved oxygen , pH , and temperature will be stored on the computer

diskette system .

7. If the value from one of the samples falls outside its respective

“critical limit ,” a warning signal will be generated . This sic~nal

initially will be an asterisk printed out beside the value obtained and

stored.

8. If enough fish display warning signals simu l taneously, an “alarm ”

signal will be generated . The number can not be established until we are

on site , but most likely this will be three of the four fish representing

one of the three groups .

C. SUPPLEMENTAL REMARKS

It should be realized that this “a la rm ” s igna l  is the bas is  of

i ndustrial control. Eventuall y, both the “warning ” and “alarm ” signals

will be interfaced to a visua l display for convenience. Furthermore ,

the signals will be interfaced to the automatic water sampler . In concept ,

however , these signals wi l l  ultimately have to be interfaced to the

industry ’ s water control facil i t ies , for it is envisioned that when the

appropriate “alarm ” signals are generated , the effluent must be prevented

from reaching the receiving system. After this has been accom plished ,

further chemical and physical monitoring and analyses would be carried

out to determine the nature of the problem . At this point , simply increas ing

the retention time might solve the problem , an evaluation which could be

made through the biological monitoring system . If retention time was not

possible and/or effective , the effluent could be channeled through some

advanced treatment facil i t ies. It is envisioned that this approach of
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rapid and continuous biol ogical monitoring , coupled wi th the chemical

and physical monitoring and occasional advanced chemica l analyses , would

not only prove itself cost effective , but it would protect the water
Squality of a receiving system most efficiently.

I
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Cairns , J. Jr., Dickson , K. L., and Westlake , G. F. (eds.), Biological
Monitori ng of Water and Effluent Qualit y , STP6O7, American Society for
Testing and Materials , Philadelphia , Pa., 1977.
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DISTRIBUTION LIST FOR ARCSL-CR-7804O

Names Copies Names Copies

CHEMICAL SYSTEMS LABORATORY HQDA (SGRD-EDE )
Attn : LTC Charles Dettor 1

OFFI CE OF THE DIREC TOR WASH DC 20314
Attn: DRDAR-CLG 1

SAFETY OFFICE US A RMY HEALTH SERVICE COMMAND
Attn : DRDAR-CLF 1

PLAN S & PROGRAM S OFFI CE Comma nder
Attn: DRDAR-CLR-L 4 US Army Environmenta l Hygiene Agency

Attn : HSE-AA-L , Librarian , 1
S Bldg 2100

AUTHOR ’s COPIES : Environmental
Technology Attn : HSE-A.A-E 2

Division , Attn: DRDAR-CLT-E 40 APG-Edgewood Area
BIOMEDICAL LABORATORY Superintendent

Attn : DRDAR-CLL 1 Academy of Health Sciences
US Army

CB DETECTION & ALARM DIVISION Attn : HSA-CDC 1
Attn : DRDAR-CLC-C 1 Attn: HSA-IHE 1

Fort Sam Houston , TX 78234
DEVE LOPMENTAL SUPPORT DIVI SIO N

Attn : DRDAR-CLJ-I 4 Comander
Attn : DRDAR-CLJ-M 1 US Army Institute of Surg ical I

Research
Brook Army Medica l Center

ENViRONMENTAL TECHNOLOGY Di VISION Fort Sam Houston , TX 73234
Attn : DRDAR-CLT- E 1

US ARMY MATERIEL DEVELO PMENT AND
MUN IT IONS DIV IS IO N READ INES S COMMA ND

Attn: DRDAR—CLN 1
Commander

PHYSICAL PROTECTION DIVISION US Army Materiel Development and
Attn: DRDAR-CLW 1 Readiness Command

Attn : DRCSF 1
RESEARCH DIVISION Attn: DRCRD-WB 1

Attn : DRDAR-CLB 1 Attn : DRCRD 1
Attn: DRCRD-ES 1

DEPARTMENT OF DEFENSE Attn : DRCIS-MD 1
Attn : DRCPA-E 1

Administrator Attn : DRCRO- I
Defense Documentat ion Center 5001 Eisenho we r Ave

Attn : Accessions Division 12 Alexand ria , VA 22333
Cameron S ta t ion
Alexandria , VA 22314 Commander

US Army Foreign Science & Technology Center
Director Attn : DRXST- IS l 2
Defense Intelligence Agency 220 Seventh St., NE

Attn : DB-4G1 1 Charlottesvi lle , VA 22901
Washington , DC 20301

Project Manager for Chemical Demilitarizatio n
DEPARTMENT OF THE ARMY and Installatio n Restoration

Attn : DRCPM-DR , Bldg E4585 I S
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DISTRIBUTION LIST FOR ARCSL-CR-78040 (CONT.)

Names Copies Names Copies

HQDA ( DAMO-SSC) I APG-Edgewood Area
WASH DC 20310

Redstone Scientific Information Center
OFFICE OF THE SUREGEON GENERAL Attn : Chief , Documents 1

US Army Missile Command
Commander Redstone Arsenal , AL 35809
US Army Medical Bioengineering

Research & Development Laboratory Commander
Attn : SGRO-UBG 1 US Army Science & Technology
Attn: LTC L. Reuter Center-Far East Office

Fort Detrick , Bldg 568 APO San Francisco 96328
Frederick , MD 21701
US ARMY ARMAMENT RESEARCH AND DEPARTMENT OF THE NAVY

DEVELOPMENT COMMAND
Chief of Naval Research

Comander Attn : Code 443
US Army Armament Research and 800 N. Quincy Street

Development Command Arlin gton , VA 22217
Attn : DRSAR-ASF 1
Attn: DRSAR-ASN 1 Commander
Attn: DRSAR-ISE 1 Nava l Faci l i t ies Engineering Coriinand

Dover , NJ 07801 Attn : Code 03 1
200 Stovall Street

Commander Alexandria , VA 22332
Rocky Mountain Arsenal

Attn : SARRM-MD 1 Comander
Denve r, CO 80240 Naval Ordnance Systems Command

Attn: ORD-03D 1
Conwnander Washington , DC 20360
Pine Bluff Arsenal

Attn: SARPB-ETA 1 Chief , Bureau of Medicine & Surgery
Pine Bluff , AR 71611 Department of the Navy

Attn: CODE 5 1
Commander Washin gton , DC 20372
Frankford Arsenal

Attn : SARFA-T-4200 1 Commander
Attn : Library Branch , TSP-L 1 Nava l Ai r Systems Command

Bldg 51-2 Attn : Code AIR-350E 1
P h i l a d e l p h i a , PA 19137 Attn : Code AIR-53231B 1

Washington , DC 20361
US ARMY TEST & EVALUATION COMMAND

DEPARTMENT OF THE AI R FORCE
Record Copy
CDR , APG HQ Foreign Technology Division (AFSC)

Attn : STEAP-AD-R /RHA 1 Attn: PDRR 1
APG-Edgewood Area , Bldg E5l79 Wright-Patterson AFB , OH 45433

COR , APG HG , USAF /SGPR 1
Attn: STEAP-IL 1 Forestal Bld g

APG-Aberdeen Area WASH DC 20314
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DISTRIBUT ION LIST FOR ARCSL-CR-78O40 (CONT.)

Names Copies Names Copies

Commander Di rector
US Army Tropic Test Center Air Force Inspection and Safety Center

Attn : STETC-MO-A (Tech Library ) 1 Attn: IGD(AF ISC /SEV)
APO New York 09827 Norton AFB , CA 92409

Comander Commander
Dugway Proving Ground Armament Development & Test Center

Attn : STEDP—PO 1 Attn : DLOSL(Technical Library)
Ougway , UT 84022 Eglin AFB , FL 32542

Commander OUTS IDE AGE NCIE S
US Army Test & Evaluation Command

Attn : DRSTE-LG 1 Director of Toxicology
Attn : DRSTE-ME 1 National Research Council
Attn : DRSTE-NB 1 2101 Consitution Aye , NW

APG-Aberdeen Area Washington , DC 20418

US Public Health Service
Room 1 7A46 (CPT Osheroff)
5600 Fishers Lane
R o c k v i l l e , MD 20857

ADDITIONAL ADDRE SSEES Comman der
Newport Army Ammunition Plant

Commander Attn: SARNE-S
USDRC Installations & Services Agency Newport , IN 47966

Attn: DRCIS-RI-IU 1
Rock Island , IL 61201 Commander

Radford Army Ammunition Plant
Commander Attn : SARRA-IE
US Army Materiel Development & Radford , VA 24141

Readiness Command
Munition Production Base , Modernization Commander

& Expansion
Attn : DRCPM—PBM-EC /Progject 1 Sunflower Army Ammunition Plant

Manager
Attn : DRCPM-PBM-EB /Mr. A 1 Attn : SARSU-O

Selman
Dover , NJ 07801 Lawrence , KS 66044

Commander Commander
DA-DCSLOG Volunteer Army Amm unition Plant

Attn : DAb -NIP 1 Attn: SARVO-T
Washington , DC 20310 Chattanooga , TN 37401

Department of the Army Environmental Protection Agency
Attn : DAEN-ZCE 1 Attn : Mr. Harry Ike

Wahington , DC 20310 26 Federal Plaza /Rm 837
New York , NY 10007
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Comander
US A rmy Construct ion Engineer ing Environmental Protection Agency

Research La borator y Attn : Mr. Ben Lacey
Attn : CERL-ER 1 Curtis Bu ilding , 2d f loor

Champaign , IL 61820 6th and Wa l nut Sts
Philadel phia , PA 19106

Office of Chief of Eng ineers
Attn : DAEN-MCZ-E 2 Environmental Protection Agency

Washington , DC 20314 Attn: Mr. Arthur Linton
1421 Peach tree Street , NE S

Distr ict Eng ineer 1 At lan ta , GA 30309
US Army Cor ps of Eng i neers
6014 US P0 & Courthouse Env ironmental Protection Agency
215 N 17th Street Attn : Mr. Don A Wallgren
Omaha , NB 68102 1 North Wacker Drive

Chicago , IL 60606
District Engineer
US Army Corps of Eng ineers Environmenta l Protection Agency

Attn : HNDED-M 1 Attn : Mr. James Highland
Attn : HNDED-FC 1 1600 Patterson Street

P0 Box 1600 West Station Dallas , TX 75201
Huntsville , AL 35807

Environmental Protection Agency
Commander Attn : Mr. Robert Koke (RM 249)
Hoiston Army 1~mmunition Plant 1735 Baltimore Street

Attn : SARHO-E 1 Kansas City , MO 64108
Kingsport , TN 47662

Environmental Protection Agency
Commander Attn : Mr. Keith Synder
Milan Army Ammunition Plant Lincoln Tower Suite 900

Attn : SARMI-S 1 1860 Lincoln Street
Milan , TN 38358 Denver , CO 80203

Environmental Protection Agency US Army Engineer Waterways Experimenta l
S Sta t i on

Attn : Mr. Irving Terzich 1 Environmenta l Systems Division 1
100 California Street P0 Box 631
San Francisco , CA 94111 Vicksburg , MI 39180

Army Logistics Management Center
Environmental Management

Attn : LCDR/J.C. Bolander
Fort Lee , VA 23801

Commander
Volunteer Army Ammunition Plant

Attn : SARV O- O 1
Tyner , TN 37392
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